New-onset atrial fibrillation (AF) is common after atrial flutter (AFL) ablation, but it was unclear whether AF ablation could reduce the incidence of AF in AFL patients without AF history. The present meta-analysis was conducted to evaluate the benefit of prophylactic AF ablation in reducing the occurrence of AF in typical AFL patients.
Background
Catheter ablation of the cavotricuspid isthmus (CTI) is regarded as a first-line therapy for typical atrial flutter (AFL), with a success rate of over 90% [1, 2] . However, many patients remain at high risk of new-onset of atrial fibrillation (AF) during follow-up, the incidence of which depends on follow-up time. Previous studies reported rates of 25% to 82% after a followup time of 29 to 68 months [3] [4] [5] [6] [7] .
Although the association between AFL and AF has been known for many years [8] , the underlying mechanism for AF occurrence after AFL ablation has been unclear. Their coexistence or sequential occurrence in the same patient suggests they might share the same electrophysiologic triggers and/or atrial substrate [8] [9] [10] . Patients after successful AFL ablation still have an increased risk of stroke, mainly due to the high rate of AF development [11] [12] [13] . Ablation therapy to achieve pulmonary vein isolation (PVI) has been proven to be more effective to control symptomatic AF than pharmacologic agents. Thus, it appears reasonable to perform AF ablation simultaneously during CTI ablation for AFL. Several studies have investigated the efficacy of AF ablation combined with CTI ablation for AFL patients without documented AF [14, 15] ; some suggested a substantial reduction of new-onset AF, while other study showed a significant benefit only in relatively older patients [10] . Also, the sample sizes of the aforementioned studies were relatively small, which might influence their power to evaluate clinical outcomes. Therefore, we conducted the present meta-analysis to assess the efficacy of prophylactic AF ablation on AF occurrence after CTI ablation. Trial sequential analysis (TSA) was used to determine whether the currently available evidence was sufficient and conclusive.
Material and Methods

Literature search
We searched PubMed, EMBASE, and the Cochrane Library Register of Controlled Trials online databases, from inception to December 2, 2017. We used Medical Subject Heading (MeSH) terms in PubMed, EMTREE terms in EMBASE, and keyword search terms for "atrial fibrillation", "atrial flutter", "cavotricuspid isthmus", "catheter ablation", "ablation", and "pulmonary vein isolation" in all 3 databases. We limited our search to articles published in English.
Study selection
Two investigators (Xie and Liu) independently screened all titles and abstracts to identify studies for further assessment. Studies fulfilling the following criteria were included: 1) randomized controlled trials (RCTs) published in peer-reviewed journals with full text available in English; 2) study population of typical AFL patients without prior documentation of AF; 3) comparison of CTI ablation alone with AF ablation ±CTI ablation; 4) reporting occurrence of AF/atrial arrhythmia as an outcome; and 5) follow-up time more than 12 months. Noncomparative trials, case reports, editorials, and reviews were excluded. Studies that did not adequately report outcomes of interest were also excluded.
Data collection and quality assessment
Two independent reviewers extracted data using a standardized data extraction form, with disagreements resolved by consensus or, when necessary, a third reviewer. For each included study, we extracted the following data: 1) study characteristics: year of publication, study design, inclusion and exclusion criteria, total number of randomized patients, median length of follow-up, and ablation strategy of each group; 2) patient characteristics: age, sex, clinical comorbidity, echocardiographic parameters, detailed information about AFL, AF, and atrial arrhythmia occurrence/recurrence; 3) complications related to interventional procedure; and 4) procedure duration and fluoroscopy duration. The quality of each study was assessed using the Jadad quality scale for RCTs [17] .
Trial sequential analysis
Meta-analysis can result in type I errors (a) owing to repetitive testing of accumulated data, especially when the included studies have small sample sizes. Thus, we used TSA to examine the reliability and conclusiveness of our results. In the current meta-analysis, TSA was performed by maintaining 95% confidence intervals (CI), a 38% relative risk reduction (an estimate based on 2 studies with high Jadad quality scale included in this meta-analysis [10, 15] ), a 2-sided a=1% to minimize the possibility of type I error, and a statistical test power of 80%. TSA software version 0.9.5.10 Beta (http://www.ctu.dk/tsa) was used in this study. If the cumulative Z-curve crossed the trial sequential monitoring boundary or exceeded the required information size, a significant result had been reached and no further studies were needed. Otherwise, further studies were necessary to confirm the results [18] .
Statistical analysis
Statistical analysis was performed using Cochrane RevMan version 5.0 software (the Cochrane Collaboration, UK). The results are reported as weighted mean differences and relative risk (RR) for continuous and dichotomous outcomes respectively, with 95% CI. The outcomes were pooled using the random-effects model when the heterogeneity was moderate or high (I 2 >50%) and the fixed-effects model was used when the heterogeneity was low (I 2 <50%). Publication bias was evaluated by means of funnel plots. Sensitivity analyses were undertaken by omitting 1 study at a time to examine the influence of that study on the overall summary estimate. All statistical testing was two-tailed with a statistical significance set at P<0.05.
Results
Search results
Our electronic search identified 503 potentially relevant publications ( Figure 1 ). After excluding duplicates and screening titles/abstracts, we retrieved 5 publications for full-text review. One publication was further excluded because it was a conference abstract of an already included study. In the end, 4 RCTs fulfilled all the inclusion criteria [10, [14] [15] [16] . Of these 4 studies, 3 [10, 14, 15] compared PVI plus CTI ablation with CTI ablation alone and 1 [16] assigned patients to 3 treatment groups: antiarrhythmic drugs, CTI ablation, and PVI. All studies used radiofrequency energy except for 1 [15] that used cryo-balloon ablation to achieve PVI.
Publication bias
No significant publication bias was found for the primary outcome (freedom from AF at follow-up) as assessed by a funnel plot ( Figure 2 ). This was verified by the Egger's test (P=0.054). Tables 1 and 2 summarize the characteristics of the included studies and patients. The 4 included RCTs randomized 357 patients to PVI ±CTI ablation (n=176) or CTI ablation alone (n=181). The sample sizes included in our analysis were not more than 50 patients in 3 RCTs [14] [15] [16] . One RCT [14] enrolled patients with persistent AFL, whereas 2 RCTs [15, 16] recruited both paroxysmal and persistent AFL patients. The primary endpoint of each study was occurrence of AF or other atrial arrhythmia. The mean follow-up durations ranged from 1.0 to 2.0 years. One study [16] reported clinical outcomes both after a single and second ablation procedure, but we only extracted the data after a single PVI procedure to ensure results comparable among studies. Overall, there were no significant differences in mean age, sex ratio, left atrium diameter, mean LVEF, and proportion of hypertension between the 2 groups. The quality of the RCTs was relatively high (mean score, 4.5).
Study and patients characteristics
Occurrence of AF after ablation
Though the overwhelming majority of atrial arrhythmias after ablation were AF, other atrial tachycardias, including AFL, were also included in this analysis. There were 130 events among the 357 participants (36.4%). The incidence of AF was 26.1% (46 of 176) in the PVI±CTI group and 46.4% (84 of 181) in the CTI group. Overall, we found a significantly lower occurrence of AF in the PVI±CTI group compared with the CTI group, with RR of 0.57, 95% CIs of 0.42 to 0.76, and P=0.0002 ( Figure 3 ). Because no significant heterogeneity was noted among studies (P=0.12, I 2 =48%), we used the fixed-effects model instead of the random-effects model to complete the merge analyses.
Sensitivity analysis
We repeated our primary analysis with random-effects models and produced similar results to our primary analysis (RR, 0.52; 95% CI, 0.32-0.84, P=0.008). Additionally, we conducted an influence analysis to evaluate the influence of any individual trial on our overall results for the occurrence AF. This analysis also confirmed our primary results, with estimates ranging from an RR of 0.40 to 0.62 and 95% CIs of 0.20 to 0.96. 
Trial sequential analysis
In the TSA, our calculations indicated that the required size needed to detect a difference in AF occurrence was 956 patients and the cumulative Z-curve did not cross the trial sequential monitoring boundary before exceeding the information size, which indicated the cumulative evidence was inconclusive regarding the efficacy of prophylactic PVI during AFL ablation ( Figure 4 ).
Procedure duration and fluoroscopy time
All patients achieved bidirectional isthmus conduction block and PVI after AF and/or AFL ablation. Based on the data from 3 studies [10, 14, 15] Table 2 . Patient characteristics of the trials included in the meta-analysis.
AFL -atrial flutter; CTI -cavotricuspid isthmus; LA -left atrium; LVEF -left ventricular ejection fraction; PVI -pulmonary vein isolation; NR -not reported. * The data after single PVI procedure; the data were 5% after the second PVI procedure, and 0 after the third PVI procedure; ** the data after the single PVI procedure; the data were 90% after mean 1.4 PVI procedures
Complication
No deaths were reported in either group. There was no significant difference in clinical complications between the PVI ±CTI group and the CTI group (4.5% versus 2.5%, RR: 1.81, 95%CI: 0.54-6.03, P=0.33, Figure 5 ) [10, 14, 15] . Reported complications included groin hematoma, pseudoaneurysm, and pericardial effusion.
Discussion
To the best of our knowledge, this is the first meta-analysis to examine the efficacy of prophylactic AF ablation on AF occurrence compared with that of CTI ablation in AFL patients without prior AF history. Based on current clinical evidence, we demonstrated that the incidence of AF after AFL ablation was 46.4% after a mean follow-up of 1 year, and PVI ±CTI ablation resulted in a marked reduction of future AF occurrence with longer procedure duration and fluoroscopy time. No significant difference was found in the incidence of complications between the 2 groups. A total of 357 patients were randomized in the 4 trials and this number of patients was much smaller than our calculated optimal information size (956 patients) needed to reliably detect a plausible treatment effect of prophylactic PVI in AFL patients without AF. Thus, the current evidence for prophylactic PVI in isolated AFL patients is insufficient and inconclusive.
Occurrence of AF after AFL ablation
Despite the over 90% success rate of CTI ablation for AFL [1, 19] , new-onset of AF after AFL ablation was a common phenomenon with great clinical relevance and could lead to an increased risk of embolic complications, especially when patients discontinued anticoagulant drugs [11, 20] . Furthermore, AF was an important cause of early readmission after AFL ablation [21] . The incidence of postablation AF varied among studies. Our study showed that the incidence of AF after AFL ablation was 46.4% after 1-year follow-up in patients with isolated AFL, which is consistent with previous studies [3, 6] . Other researchers reported that over 80% of patients developed AF after successful ablation for AFL, even in the absence of prior AF history [5] . This discrepancy might be due to different study populations and/or follow-up times. The incidence of postablation AF was progressive and increased with followup duration, irrespective of the prior history of AF before ablation [1, 4, 22] . Differences in follow-up methods could also influence the detection rate of AF [23, 24] .
The current role of prophylactic PVI in isolated AFL patients
The incidence of AF after AFL ablation was high, with more than 40% of patients requiring additional PVI to control rhythm and symptoms [7] . These findings, together with our encouraging results showing that the risk of postablation AF was reduced by 43% after PVI±CTI ablation, indicated that prophylactic PVI at the time of CTI ablation might benefit AFL patients. Although these results were not confirmed by TSA, we still have reasons to believe that prophylactic PVI is an attractive and promising therapeutic means for AF prevention during AFL ablation, especially in patients with high risk of AF occurrence after AFL ablation, such as those age ³55 years, as well as those with reduced LVEF, left atria enlargement, and induction of AF at electrophysiological testing [3, 6, 10, 25] . Firstly, the follow-up times of these 4 studies were relatively short (mostly about 1 year). More obvious therapeutic effects would be anticipated after a longer follow-up time because of the progressive incidence of AF. Secondly, pulmonary vein trigger was an important initiator of AFL. In Schneider 's study [16] , 95% of AFL patients were free of AFL after a mean of 1.4 PVI procedures without CTI ablation. Also, in patients with both AFL and AF, PVI alone might be sufficient to eliminate both arrhythmias [26] . In summary, CTI ablation appears to be sufficient for AFL but not for AFL patients, and the AFL triggers (especially from pulmonary veins) should receive the same attention as its maintenance substrate (CTI-dependent reentry).
Clinical implications for future clinical trials
Performing prophylactic PVI for all AFL patients would be excessive, but there must be some patients who would benefit from it, which should be better-defined in future trials. Several points should also be considered in the design of future clinical trials. Firstly, the sample size and follow-up time are 2 primary considerations. Our meta-analysis included 357 patients, which was 37% (357/956) of the calculated optimal information size. The optimal information size was calculated based on trials with about 1-year follow-up time. It is probable that a smaller optimal information size would be enough if the follow-up time is prolonged or if more high-risk patients, as mentioned above, are recruited. Secondly, additional PVI entailed increased hospital fees, although this might be offset by subsequent rehospitalization [21] or repeated PVI procedure [7] . The cost-effectiveness should also be evaluated in future trials. Thirdly, procedure safety was an inevitable issue. Procedurerelated complications occurred in 7.8% of patients undergoing AF ablation, which was 3 times the incidence in patients undergoing AFL ablation [1, 27] . Besides prolonged procedure duration and fluoroscopy time, more complications (4.5% versus 2.5%) were reported in the PVI±CTI group than in the CTI group, despite the difference was not statistically significant. Therefore, its safety should also be validated in largescale clinical trials.
Limitations
Our study had several potential limitations. Firstly, the number of studies included in the analysis was small, and the total sample size was not sufficient, which could have an influence on the reliability and conclusiveness of analysis results despite the application of sensitivity analyses and TSA. Secondly, heterogeneity was present among the 4 RCTs with respect to procedure duration and fluoroscopy time, which might limit the reliability of our study, although the random-effects model was used. Thirdly, differences in operator experience, ablation protocol, and energy sources might also have affected the results of our analysis.
Conclusions
Our study suggested that PVI±CTI ablation was more efficacious than CTI ablation alone in reducing occurrence of AF;
however, there was longer procedure duration and fluoroscopy time in the PVI±CTI ablation group. Due to limited clinical evidence, larger-scale RCTs with relatively longer follow-up time are needed to confirm these results and to identify the specific AFL patients most likely to benefit from PVI±CTI ablation.
